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(57) ABSTRACT

An LED light source (10) comprises a ceramic substrate (20)
with first and second opposed surtaces (30, 40). Pockets (50)
are formed 1n the first surface (30) and each of the pockets
includes a bottom (60) and a sidewall or sidewalls (70). A final
clectrical contact (105) comprised of a first electrically con-
ductive material (57) with a coating of a second electrically
conductive material (100) thereover 1s positioned 1n each of
the pockets (50). An LED (110) 1s positioned 1n each of the
pockets (50) and affixed to the electrical contact (1035) and
clectrical connections (120), preferably in form of wire
bonds, join the LEDs, the electrical connections (120)
extending from a first LED (110) to an adjacent electrical
contact (105). The ceramic substrate (20) 1s formed by 1njec-
tion molding a ceramic material and binder to form a green

substrate (12) and subsequently sintering the green substrate
to form the substrate (20). An LED light (150) can be formed

from the LED light source (10) by adding a dome (150)
formed of a ceramic material containing therein a homoge-
neous dispersion of a phosphor material capable of emitting
light when excited by the light emitted from the operating

LEDs (110).

9 Claims, 4 Drawing Sheets
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LIGHT EMITTING DIODE LIGHT SOURCE
HAVING A CERAMIC SUBSTRATE

TECHNICAL FIELD

This mvention relates to light emitting diode (LED or
LEDs) light sources and more particularly to substrates for
mounting LED light sources and domes for disbursing the
light emitted by the diodes. Still more particularly 1t relates to
a method for making multi-chip, traceless substrates and
domes for LED light sources and to methods for making an
LED light source. Additionally, the invention relates to a fully
ceramic light source including a dome that 1s itself a source of
light as well as a transmitter of light.

BACKGROUND OF THE INVENTION

The long life and low power requirements of LEDs have
made them 1deal sources of light 1n many applications; how-
ever, because of their relatively small size 1t 1s not unusual for
such light sources to include multiple LEDs. In the latter
situation 1t 1s common to mount a large number of LEDs upon
printed circuit boards that utilize a large number of printed
traces to make the various electrical connections between the
LEDs and a power source. These boards generally are con-
structed from silicone or plastic materials or metal-cored
printed circuit boards (PCBs). The low thermal conductivity
of these boards (0.2 W/mK {for the silicone or plastic boards;
2-3 W/mK {for the metal-cored boards) requires the use of
various thermal management devices, 1n particular heat sinks,
to remove the operational heat generated by the LEDs.
Removal of this heat 1s necessary to maintain, as closely as
possible, the original parameters of the LEDs. It has been
suggested also to employ ceramic substrates having the cir-
cuit elements screen-printed thereon. If the board 1s only
partially filled with dies, then non-populated die pads are
shorted out to maintain current continuity. While these solu-
tions have provided some benefits, they sutler from relatively
high cost and the necessity of employing multiple traces and
thermal glues.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the invention to obviate at least
some of the above enumerated disadvantages of the prior art.

It 1s another object of the mvention to enhance the manu-
tacture of LED substrates.

Yet another object of the mnvention 1s the improvement of
LED light sources.

Still another object of the ivention 1s the provision of an
LED light source whose light output 1s greater than the light
output of the LEDs alone.

These objects are accomplished, 1n one aspect of the inven-
tion, by the provision of a method of making a ceramic
substrate for a light-emitting-diode (LED) light source com-
prising the steps of forming a mixture of a ceramic substrate
material and a volatilizable binder; injecting the mixture into
a mold cavity to form a green substrate that includes at least
two die pads 1n the shape of pockets formed 1n a surface of the
green substrate, the pockets having a depth less than the
thickness of the green substrate; baking the green substrate to
remove the volatilizable binder and form a pre-cursor sub-
strate, depositing a metallic paste into each pocket of the
pre-cursor substrate; firing the pre-cursor substrate to sinter
the material and form the ceramic substrate and form the
metallic paste into a first electrically conductive material; and
applying a coating of a second electrically conductive mate-
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2

rial over the first electrically conductive material to form a
final electrical contact. The ceramic substrate has a thermal
conductivity in the range of 30 W/mK, far greater than the
predecessor boards, reducing or eliminating the need for
additional heat sinks.

A light-emitting diode light source 1s constructed by form-
ing a ceramic substrate as described above and depositing an
LED on at least some of the final electrical contacts and
wire-bonding suitable electrical connectors between the
LEDs and the electrical contacts. The ceramic substrate does
not require the use of thermal epoxies and the substrate 1s
substantially traceless with wire bonding taking the place of
printed wiring and eliminating the need for short-circuiting,
unused die pads. The traceless nature provides an open circuit
topology where multi-electrical circuits can be laid out during
wire bonding of the die types, which can include all one color
emitting dies or combinations of red, blue and green emitting
dies.

The objects are further accomplished by providing a dome
or cover for the substrate that 1s not only a transmitter of the
light emitted by the enclosed LEDs, but an additional source
of generated light. This 1s accomplished by incorporating a
light-emitting material within the material that forms the
dome. The light emitting material converting at least some of
the light emitted by the LEDs 1nto light of a different wave-
length.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view, partially 1n section, of a green
ceramic substrate in accordance with an aspect of the mven-
tion;

FIG. 2 1s an enlarged sectional elevation view of an LED
light source 1n accordance with an aspect of the imnvention;

FIG. 3 1s a flow diagram of steps utilized 1n an aspect of a
method of the invention;

FIG. 4 1s a plan view of a lamp 1n accordance with an aspect
of the invention;

FIG. 51s asectional, elevation view taken along the line 5-5
of FIG. 4;

FIG. 6 1s a sectional view similar to FIG. 2 illustrating an
alternate embodiment; and

FIG. 7 1s a partial, sectional view illustrating the 1nsertion
ol a metallic paste.

DETAILED DESCRIPTION OF THE INVENTION

For purposes of this application 1t 1s to be understood that
when an element or layer 1s referred to as being “on,” “con-
nected to” or “coupled to” another element or layer, 1t can be
directly on, connected to or coupled to the other element or
layer or mtervening elements or layers may be present. In
contrast, when an element 1s referred to as being “directly on,”
“directly connected to” or “directly coupled to” another ele-
ment or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout. The
term “and/or” includes any and all combinations of one or
more of the associated listed 1tems.

Although the terms “first,” “second,” “third” etc. may be
used to describe various elements, components, regions, lay-
ers and/or sections, these elements, components, regions,
layers and/or sections are not to be limited by theses terms as
they are used only to distinguish one element, component,
region, layer or section from another element, component,
region, layer or section. Thus, a first element, component,

region, layer or section could be termed a second element,
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component, region, layer or section without departing from
the scope and teachings of the present invention.

Spatially relative terms, such as “beneath,” “below,”
“upper,” “lower,” “above” and the like may be used herein for
case ol description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the drawings. These spatially relative terms are intended to
encompass different orientations of the device 1 use or
operation in addition to the orientation shown in the drawings.
For example, 11 the device in the drawings 1s turned over,
clements described as “below™ or “beneath” other elements or
teatures would then be oriented “above™ the other elements or
teatures. Thus, the exemplary term “below™ can encompass
both an orientation of above and below. The device may be
otherwise oriented (rotated 55 degrees or at other orienta-
tions) and the spatially relative descriptors used herein inter-
preted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. For example, as used herein, the
singular forms “a,” “an” and *““the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms, “com-
prises’” and/or “comprising,” when used 1n this specification,
specily the presence of stated features, steps operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, steps, operations,
clements, components, and/or groups thereof.

As used herein the term “ceramic’ relates to inorganic,
non-metallic solids prepared by the action of heat and subse-
quent cooling and 1s restricted to those materials having a
crystalline or partly crystalline structure and does not include
those amorphous substances more commonly including the
various glasses.

For a better understanding of the present invention,
together with other and turther objects, advantages and capa-
bilities thereot, reference 1s made to the following disclosure
and appended claims taken 1n conjunction with the above-
described drawings.

Referring now to the drawings with greater particularity,

the steps involved 1n the manufacture of a substrate according
to an aspect of the mvention. The method of making a sub-
strate for a light-emitting-diode (LED) light source 10 com-
prises the steps of forming a mixture of a ceramic substrate
material and a volatilizable binder. Smitable ceramic materials
include aluminum oxide (Al,O,) and aluminum nitride (AIN)
with ceramic substrates 1n the form of polycrystalline alu-
mina (PCA) being preferred. These maternials provide high
thermal conductivity (30 W/mK) and substrates can easily be
made therefrom by injection molding techmques. Suitable
binder materials mnclude wax and oleic acid, for example.

The mixture 1s mjected into a mold cavity to form a green
substrate 12 that has two surfaces 30 and 40 (FIG. 1) and
includes at least two pockets 50 (preterably more than two)
formed 1n a surface (for example, surface 30) of the green
substrate 12, the pockets having a depth less than the thick-
ness of the green substrate 12. While the green substrate 12
can have any geometric shape, a circular configuration 1s
shown 1n FIG. 1, by way of example.

After removal from the mold the green substrate 12 1s
baked at a temperature of 315° C. for at least 12 hours to
remove the volatilizable binder and form a pre-cursor sub-
strate 14.

A quantity of a metallic paste 55 (as shown 1 FIG. 7)
capable of withstanding subsequent sintering temperatures 1s
deposited on the bottom 60 of each pocket 50 of the pre-

there 1s shown 1 FIG. 3 a tlow diagram 1llustrating some of
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4

cursor substrate 14. A suitable metallic paste 1s powdered
tungsten with a binder of alpha terpineol.

The pre-cursor substrate 14 1s then fired to sinter the mate-
rial and form a substrate 20 and form the metallic paste 55 into
a first electrically conductive material 57. Hereinafter, the
first electrically conductive material 37 1s often referred to as
a first electrical contact material. The firing 1s at a temperature
of 1820° C. for 2 hours. After the sintering step a coating of a
second electrically conductive material 100 1s applied over
the first electrically conductive material 57 to form a final
clectrical contact 105. The second electrically conductive
material 100 can be silver, tin, zinc or gold, but gold 1s
preferred, and can cover only the surface of the first electrical
contact material 57 as shown 1n FIG. 2 or 1t can extend up the

walls 70 of the pockets 50, as shown 1n FIG. 6.

The method of making a light-emitting diode light source
10 comprises the steps of forming a ceramic substrate 20
according to the method defined above and depositing an
LED 110 on each of the final electrical contacts 1035 and then
wire-bonding suitable electrical connectors 120 between the
LEDs 110 and the electrical contacts 105.

An LED light source 10 1s shown 1n sectional elevation 1n

FIG. 2 and comprises a ceramic substrate 20 with first and
second opposed surfaces 30, 40. Pockets 50 are formed 1n the
first surtace 30 and each of the pockets includes a bottom 60
and a sidewall or sidewalls 70. In the event that the pockets 50
are not circular, multiple walls 70 may be formed. A final
clectrical contact 105 comprised of the first electrically con-
ductive material 57 with a coating of a second electrically
conductive material 100 thereover 1s positioned 1n each of the
pockets 50. An LED 110 1s positioned 1n each of the pockets
50 and affixed to the electrical contact 105 and electrical
connections 120, preferably 1n form of wire bonds, join the
LEDs, the electrical connections 120 extending from a {first
LED 110 to an adjacent electrical contact 105.
This construction eliminates the previously needed com-
plex conductive traces. Only two small conductive traces 130
(only one of which 1s shown in FIG. 2) are provided for
connection to a power source, not shown.

The LED light source 10 can be used alone or as a principal
part of an LED light 150.

An LED light 150 utilizing the LED light source 10 com-
prises the LED-populated substrate 20 and a dome 160. The
dome 160 comprises a suitable ceramic material such as PCA
or AN having dispersed therein a phosphor that will emit light
upon energization by the light emitted from the LEDs. Many
commercial phosphor materials can be used so long as they
can withstand the sintering temperatures need to form the
dome; however, a suitable material for most applications 1s an
yttrium aluminum garnet activated with certum (YAG:Ce).
The 1lluminating dome 1s formed from pellets or powder of
the ceramic material, which 1s blended with the phosphor
until a homogeneous mixture 1s obtained. This mixture 1s
injection molded to the desired shape. As illustrated 1n FIGS.
4 and 5 that desired shape 1s hemispherical; however, other
shapes can be employed. For example, a cylindrical body
could have a sealed end that contained the phosphor.

In a particular embodiment of the imnvention the dome 160
was prepared by combining 130 grams of aluminum oxide
powder having a particle size of 0.3 microns, 67 grams of
YAG:Ce phosphor having a particle size of 2 microns, and 45
grams of a binder material, such as wax. After blending, the
mixture was injection molded to shape and subsequently fired
at 900° C. to remove the binder material. Subsequent to the
binder removal, the dome 160 was fired at 1750° C. for 2

hours to sinter the dome.
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After sintering, the dome 160 was applied to an LED light
source 10 and affixed thereto, as by an approprate cement, to
form the LED light 150.

The LED light source 10, with 36 blue LEDs provided 466
lumens of 1llumination. With the dome 160 in place the total
illumination was 2180 lumens. Red, Green or other color
LEDs can also be use to change or supplement the emitted
light spectrum of the LED source.

Thus there 1s provided a light emitting diode light source 10
or a light emitting diode light 150 that has excellent thermal
conductivity and few electrical traces for connecting the
LEDs. It 1s possible to manufacture the ceramic substrate 20
with multiple pockets and use only those desired, which can
be anumber far less than the total number. Because the LEDs
are individually wired by wire bonds, there are no extraneous
electrical traces that would have to be shorted out.

While there have been shown and described what are at
present considered to be the preferred embodiments of the
invention, 1t will be apparent to those skilled in the art that
various changes and modifications can be made herein with-
out departing from the scope of the invention as defined by the
appended claims.

What 1s claimed 1s:

1. An LED light source (10) comprising: a ceramic sub-
strate (20) having first and second opposed surtaces (30, 40);
a plurality of pockets (50) formed 1n said first surface (30),
cach of said pockets (50) including a bottom (60) and one or
more side walls (70); an electrical contact (105) positioned in
cach of said pockets (50), said electrical contacts (105) com-
prising a quantity of a first electrically conductive matenal
(57) and a layer of a second electrically conductive materal
(100) formed on said first electrically conductive material
(57); an LED (110) positioned 1n at least some of said pockets
(50) and aflixed to said electrical contact (105), said one or
more sidewalls surrounding said LED; and wire bond elec-
trical connections (120) joining said LEDs (110), at least one
of said wire bond electrical connections (120) extending from
a first LED (110) to an adjacent electrical contact (105) 1n an
adjacent pocket, wherein the LEDs are connected 1n series.
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2. The LED light source (10) of claam 1 wherein said
ceramic substrate 1s selected trom aluminum oxide and alu-

minum nitride.
3. The LED light source (10) of claim 1 wherein said
clectrical contacts completely cover said bottom and said one

or more side walls of said pockets.

4. An LED light (150) comprising: a circular ceramic sub-
strate (20) having first and second opposed surtaces (30, 40);
a plurality of pockets (50) formed 1n said first surface (30),
cach of said pockets (50) including a bottom (60) and one or
more side walls (70); an electrical contact (105) positioned in
cach of said pockets (50), said electrical contacts (105) com-
prising a quantity of a first electrically conductive material
(57) and a layer of a second electrically conductive material
(100) formed on said first electrically conductive material
(57); an LED (110) positioned 1n at least some of said pockets
(50) and affixed to said electrical contact (105), said one or
more sidewalls surrounding said LED; wire bond electrical
connections (120) joining said LEDs (110), at least one of
said wire bond electrical connections (120) extending from a
first LED (110) to an adjacent electrical contact (105) i an
adjacent pocket, wherein the LEDs are connected 1n series;
and dome (160) positioned over the LEDs (110) of said LED
light source (10), said dome (160) comprising a sintered
mixture of a ceramic material and a phosphor energizable by
the light emitted by the LEDs (110) when they are operating.

5. The LED light (150) of claim 4 wherein said electrical
contacts completely cover said bottom and said one or more
side walls of said pockets.

6. The LED light (150) of claim 4 wherein said ceramic
material 1s selected from aluminum oxide and aluminum
nitride.

7. The LED light (150) of claim 6 wherein said ceramic
substrate 1s comprised of aluminum oxide or aluminum
nitride.

8. The LED light (150) of claim 6 wherein said phosphor 1s
YAG:Ce.

9. The LED light (150) of claim 8 wherein said ceramic

material 1s aluminum oxide.
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